Abstract: Using a habituation-dishabituation procedure, we investigated the ability of male red squirrels (Tamiasciurus hudsonicus) to discriminate olfactory signatures of different male conspecifics. Our results indicate that they effectively pay attention to odours from unfamiliar male conspecifics and that they invest more time sniffing litter impregnated with these unfamiliar social odours than control litters. They can also habituate themselves to a given social odour and can discriminate olfactory signatures of different male conspecifics. The role of olfactory communication in this territorial species from the boreal forest is discussed with regard to the "dear enemy" phenomenon and to the fact that these squirrels are known to use vocal communication intensively to advertise their territories.
Introduction
The red squirrel Tamiasciurus hudsonicus is a territorial and solitary species inhabiting the boreal forest of North America (Flyger and Gates 1982) . These squirrels are well known for their ability to communicate by calls, notably to advertise their territory (Smith 1968; Embry 1970; Lair 1990 ). Price et al. (1990) suggested that these squirrels may even be able to recognize each other individually by their calls. However, little attention has been paid to olfactory communication in this species (Ferron and Ouellet 1989) , and it is not yet known if they possess an odour that could be used as an individual olfactory signature (see reviews in Halpin 1980 and . It could be advantageous for them to use longer lasting scent marks, rather than vocal announcements, to advertise occupancy of their respective territories. Based on their study of the display context of this behaviour, Ferron and Ouellet (1989) suggested that marking by cheek rubbing could serve such a purpose; the presence of glands located in the oral angle has been reported by Quay (1965) . However, they have not provided empirical data demonstrating the ability of red squirrels to discriminate each other's olfactory signature.
The ability to use chemical cues to discriminate among individuals of the same species has been reported in other sciurid rodents: the eastern chipmunk, Tamias striatus (Keevin et al. 1981) , and the Columbian ground squirrel, Spermophilus columbianus (Harris and Murie 1982; Hare 1994) .
Recognition of individuals by smell, or at least the ability to discriminate between familiar and unfamiliar odours, will likely play an important role in territorial animals in distinguishing between neighbours and intruders. Indeed, an intruder represents a greater threat than a neighbour with whom a conventional boundary has already been established, a situation that has been called the dear enemy phenomenon by Fisher (1954) . The individual signature information in the territorial signal enables occupants to play a different "game" with neighbours than with strangers (Bradbury and Vehrencamp 1998) .
For an intruder, it is important to be able to assess the status of an encountered animal, and olfactory boundary marking may serve this function. An intruder may discover that an encountered animal is the occupant of a territory by comparing its odour with other olfactory marks found in the immediate environment (odour matching), and may adapt its behaviour accordingly (Gosling 1990; Gosling and McKay 1990) . Olfactory communication and use of chemical signatures could thus lower the costs of physical encounters for both the intruder and the occupant (Halpin 1980; Gosling 1986; Gosling and Mc Kay 1990) .
Different methods are used to assess discrimination of individuals based on olfactory signatures (see review in Gheusi et al. 1994 ). Operant-conditioning procedures and learning tasks have proved to be effective (e.g., Bowers and Alexander 1967; Beauchamp et al. 1985; Beauchamp et al. 1995) . Using such an approach, Gheusi et al. (1997) demonstrated that rats are able to recognize individuals based on olfactory signatures. With this methodology, alimentary rewards, rather than interest in individual olfactory signatures, may motivate individual odour discrimination. In contrast, the habituation-dishabituation procedure requires no other reward than interest in the social odour itself, and thus appears to be more ecologically valid (Schellinck et al. 1995) . Moreover, this procedure is more suitable for wild animals and may even be used in the field (Bel et al. 1995; Sun and Müller-Schwarze 1997; Bel 1998; Sun and Müller-Schwarze 1998) . However, the failure to discriminate a novel odour under the habituation-dishabituation procedure may be caused either by a lack of interest in the odour or by an inability to differentiate between conspecific odours (Gheusi et al. 1994) . Despite this disadvantage, not encountered with the operantconditioning procedure, the habituation-dishabituation procedure was used successfully to show that discrimination of olfactory signatures corresponds to recognition of individuals (Johnston and Jernigan 1994) .
The objective of this paper is to examine whether male red squirrels are capable of discriminating olfactory signatures of different male conspecifics, using a habituation-dishabituation procedure. We used only males in this study to avoid interference of sexual odours.
Material and methods

Animals and housing conditions
Squirrels were livetrapped on three sites near Rimouski, in eastern Quebec, Canada, using Tomahawk 201 traps. Sites were separated from each other by at least 15 km to avoid catching close kin. Traps used on a given site were not used elsewhere in order to prevent accidental exposure of animals to unfamiliar odours prior to our experiment (Hare 1994; Tew et al. 1994) .
A total of 16 adult and juvenile male red squirrels were captured shortly before the experiment, which was conducted in September and October 1998. Animals were housed in individual cages (30 × 60 × 80 cm) and kept in a large outdoor enclosure. Cage litter (wood shavings) was not changed during the 3-week experiment in order to accumulate individual odours. Animals were fed rat chow, sunflower seeds, peanuts, and fresh apples ad libitum.
Experimental procedure
The habituation-dishabituation procedure was first described by Halpin (1974) and subsequently modified by Randall (1987 Randall ( , 1991 , Johnston (1993) , and Johnston et al. (1993) . It is the modified version of the procedure used by Johnston et al. (1993) that we used in this study to verify whether male red squirrels can learn to identify odours from a given conspecific and then use this information to discriminate between odours of other conspecifics.
A habituation task is first conducted by presenting the scent of an unfamiliar conspecific (litter from the cage of an unfamiliar male squirrel) to a test animal for five consecutive trials. On the sixth trial, scent from another unfamiliar male squirrel is presented. During each trial, the time spent investigating the scent stimulus is measured. Habituation is considered to occur when investigation time decreases across trials. An increase in investigation of a new stimulus in the sixth trial indicates that the test animal discriminates between the two conspecific odours. To ensure that the test animal is effectively attracted by the social stimulus and not by the presence of a novel object in its environment, a control (fresh litter) is presented along with each test odour .
The introduction of olfactory stimuli in the cage of the test animal is done by sliding a tray into the cage. For each trial, two petri dishes (9.5 cm diameter) are placed on the tray about 15 cm apart. One contains 10 cm 3 of litter impregnated with the odour of another male squirrel and the other petri dish contains the same quantity of fresh litter as a control. Scented and fresh litters are renewed for each trial. The initial position of the petri dishes on the tray is selected at random, but their relative position is changed with each consecutive trial. Surgical gloves are used during manipulation of the petri dishes to limit contamination with exogenous odours. Each exposure lasts 5 min and is followed by a 5-min break before the next trial. Each trial is recorded on videotape from an adjacent room via a one-way mirror. The length of time spent sniffing the odour is recorded with a precision of 0.1 s. Each sniffing bout is measured twice (by reviewing and reanalysing each videotape) and averaged. An animal is considered to be sniffing when its nose is 1 cm or less from a petri dish (Johnston 1993) .
The litter used as an olfactory stimulus is taken from the cage of the donor and is at least 2 weeks old. It contains different olfactory stimuli (i.e., droppings, urine, olfactory marks from cheek rubbing). Not all body odours convey individual information . Therefore, using a mixture of odours from different origins increases the chances that the information presented is relevant enough to elicit recognition of individual olfactory signatures.
Data analysis
Trial (habituation: Nos. 1-5, dishabituation: No. 6) and treatment (scented vs. clean litter) effects are tested with an analysis of variance (ANOVA) for repeated measures following the mixed procedure (PROC MIXED) in SAS 6.12 (SAS Institute Inc. 1999). Data are log-transformed to respect normality and homoscedasticity. Also, a specific covariance matrix is selected following the Wolfinger and Chang (1995) method. The ANOVA is completed by post-hoc contrast tests (Bonferroni) and only probabilities <0.05 are considered. Special attention is paid to three of those contrast tests.
To make sure that animals are interested in social odours and not just in the novelty of the introduced petri dishes, time spent sniffing scented and control litters is compared for all trials, but special attention is paid to the first trial (Johnston 1993) .
Habituation to a given olfactory signature is tested by comparing time devoted to sniffing the scented litter over the five consecutive trials with the same odour, particularly by comparing the first and fifth trials (Halpin 1986; Johnston and Jernigan 1994; Swaisgod et al. 1999) .
Finally, to examine if squirrels can distinguish between odours of male conspecifics, time spent sniffing is compared between trial 5 (fifth presentation of the smell from a first unfamiliar male squirrel) and trial 6 (introduction of a new unfamiliar squirrel scent) (Johnston 1993; Swaisgod et al. 1999) .
Results
With respect to time spent sniffing, the ANOVA reveals that there is a significant effect of treatment (scented vs. clean litter) (F [1, 15] = 31.27, p = 0.0001), trial order (F [5, 15] = 6.35, p = 0.0023), and interaction between them (F [5, 15] = 5.43, p = 0.0048).
During the first trial (Fig. 1) , squirrels spend more time investigating the scented litter than the control litter. Although the post-hoc contrast test is nonsignificant (p = 0.072), it is close to the p = 0.05 threshold. Moreover, squirrels pay significantly more attention to the social odour than to the control litter (p = 0.002 and p = 0.029 for trials 2 and 3, respectively) during the next two trials. In subsequent trials (Nos. 4 and 5), most of the test animals spend more time in their nest boxes, thus reducing the amount of time devoted to investigating the petri dishes (Fig. 1) . At the sixth trial, however, when the animals are most habituated to the experimental procedure, squirrels are significantly more attracted by the petri dish containing the odour from a new unfamiliar male conspecific than to the petri dish containing fresh litter (p = 0.003).
Our results clearly demonstrate that squirrels habituate to a conspecific odour. There is indeed a significant decrease in time spent sniffing between trials 1 and 5 with the same social odour (p = 0.0002). Moreover, squirrels appear to discriminate a change in conspecific odour as illustrated by the significant increase in time spent investigating the petri dish containing the new soiled litter presented in the sixth trial (p = 0.003).
Discussion
Our results clearly indicate that male red squirrels pay attention to odours from unfamiliar male conspecifics and that they invest more time investigating unfamiliar social odours than controls. Also, squirrels can habituate to a given social odour and can discriminate olfactory signatures of different male conspecifics.
Using a habituation-dishabituation procedure, Johnston (1993) , found similarly that golden hamsters (Mesocricetus auratus) always spent more time sniffing social odours than controls. Johnston (1993) also observed that the golden hamsters could habituate to individual social odours. Several authors have demonstrated that some social or solitary rodent species can discriminate between olfactory signatures from different conspecifics: golden hamsters Johnston and Jernigan 1994) , mound-building mice, Mus spicilegus (Gouat et al. 1998) , Norway rats, Rattus norvegicus (Gheusi et al. 1997) , eastern chipmunks (Keevin et al. 1981) , Columbian ground squirrels (Hare 1994) , and guinea-pigs, Cavia porcellus (Beauchamp 1973) .
Red squirrels scent mark by cheek rubbing and may passively deposit other types of chemical signals in their territory (Ferron and Ouellet 1989) . They are also known to intensively use vocal communication to advertise their territories and to threaten conspecifics (Smith 1968; Embry 1970; Ferron 1974; Lair 1990 ). Price et al. (1990) suggested that they may even recognize each other vocally. The question that arises, therefore, is why two different senses may be involved in individual recognition. One hypothesis is that vocal and chemical communications serve as individual signatures but in different contexts. Individual recognition based on different sensory cues has been extensively studied in sheep. Ewes recognize their lamb mainly through olfactory signatures (Porter et al. 1991; Romeyer et al. 1993) , though vision and audition may serve when animals are distant (Lindsay and Fletcher 1968) . Conversely, lambs recognize their mother through visual and auditory cues when olfactory cues do not appear to be relevant (Nowak 1991) . Recognition among the young is based on both visual and olfactory cues (Porter et al. 1997) , whereas in adults, facial and vocal discrimination are relevant (Kendrick et al. 1995) . These studies clearly demonstrate that for a given species (i.e., sheep) individual recognition may be based on different sensory cues or associations of sensory cues.
A similar situation is likely to occur with red squirrels, where both vocal and olfactory cues must be functional and aid in the recognition of individuals. Chemical communication may be advantageous for red squirrels, as olfactory signatures are stable and may last a long time (Grier and Burk 1992). Since the presence of the sender is not needed after scent deposition, chemical communication may also reduce predation risk. In species with high levels of intraspecific aggressiveness, the ability to recognize by odour a stronger and previously met conspecific may enable the animals to avoid unnecessary fights (Halpin 1980) . Furthermore, it may be advantageous for the territory occupant to identify itself (Bradbury and Vehrencamp 1998) , and thus become known to its territorial neighbours. This may reduce unnecessary chases and fights with neighbours (the dear enemy phenomenon) (Fisher 1954) . Further studies are nevertheless needed to test the role and relative importance of olfactory signatures in red squirrel relationships. The present study documents that red squirrels can discriminate scents of individual male conspecifics, but evidence that such scents are actually used to identify individuals is still needed.
This study concerns male red squirrels only. It would be interesting, therefore, to find out whether females of the species are also capable of recognizing individual olfactory signatures. Since both sexes defend individual territories, we hypothesize that this would be the case.
